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The importance of the tunneling effect can be investigated by a comparison of the quantum mechanical calculations to classical transition-state theory (TST). At higher temperatures, 400 to 500 K, the difference between the TST results calculated from the present PES (Fig. 1, dotted line) and the quantum results is small, and thus tunneling is not particularly important. However, the TST results are significantly smaller than the quantum dynamics results at lower temperatures. The classical TST underestimates the thermal rate constant by a factor of 5 at room temperature and by a factor of 500 at 250 K. This discrepancy demonstrates the importance of tunneling at lower temperatures.
Because TST is reasonably accurate at higher temperatures, TST results obtained from the present PES can be used to predict k(T)_s at temperatures above 500 K, where presently no quantum dynamics results are available. Figure 1B shows rate constant results in an extended temperature interval ranging up to 2000 K. At high temperatures, the TST results for the present PES agree well with the experimentally recommended values of Sutherland et al. Given the uncertainties in the low-temperature experimental values (Fig. 1A) , the comparison between the theoretical and experimental results in this extended temperature interval (Fig. 1B ) might be considered more reliable. At high temperatures, quantum effects are negligible and k(T) is determined mainly by the barrier height, so the agreement here between theory and experiment reflects the accuracy of the computed barrier height.
Finally, the rate constants obtained for the present PES are compared with quantum dynamics results calculated previously (26) for the JG PES (Fig. 1A, dash-dotted line) . The shortcomings of the JG PES are obvious: k(T) is overestimated by more than an order of magnitude. The difference is mainly due to the difference in the barrier heights: The JG PES shows a potential barrier of 10.9 kcal/ mol, which is 4 kcal/mol smaller than the barrier height of the present PES.
Reduced Competition and Altered Feeding Behavior Among Marine
Snails After a Mass Extinction Extinction may alter competitive interactions among surviving species, affecting their subsequent recovery and evolution, but these processes remain poorly understood. Analysis of predation traces produced by shell-drilling muricid snails on bivalve prey reveals that species interactions were substantially different before and after a Plio-Pleistocene mass extinction in the western Atlantic. Muricids edge-and wall-drilled their prey in the Pliocene, but Pleistocene and Recent snails attacked prey only through the shell wall. Experiments with living animals suggest that intense competition induces muricid snails to attack shell edges. Pliocene predators, therefore, probably competed for resources more intensely than their post-extinction counterparts.
Marine communities of the western Atlantic region experienced a regional mass extinction event at the end of the Pliocene that resulted in the loss of roughly 70% of species (1) (2) (3) (4) (5) . Despite the magnitude of this event, there was little, if any, long-term diversity decline, suggesting that recovery was rapid (2-4). History reconstructed on the basis of taxonomic diversity alone, however, overlooks the fact that many ecologically important taxonomic groups were lost (6, 7), restricted to refugia (8-10), or remain to this day locally depauperate (5, 11) . Because the types of species and their relative abundances affect the structure of the communities they build (12) , understanding the nature of such ecological losses is critical for a full characterization of recovery from extinction.
Here we combine behavioral experiments with a modern predator-prey system with an analysis of its paleontological counterpart in the Plio-Pleistocene fossil record of Florida to investigate the effects of extinction on the intensity of competition among and within surviving predatory lineages. We use the term Bcompetition[ in its broadest sense to mean the effect of enemies on the ability of indi-viduals to acquire and retain locally limiting resources. These enemies include animals that steal food from, prey on, interfere with, or take up resources faster than their victims.
In seagrass habitats of the northeastern Gulf of Mexico, the muricid gastropods Chicoreus dilectus and Phyllonotus pomum feed on their bivalve prey Chione elevata by slowly drilling a hole through the wall of the clam_s shell (13) (Fig. 1, B and D) . Wall-drilling often takes up to a week (14) . During this time, snails are susceptible to losing their prey to kleptoparasites, especially other gastropods (13, 15, 16) , as well as being eaten themselves (by fishes, crabs, and gastropods). By drilling the prey at the thin valve edge (Fig. 1 , A and C) rather than through the thicker shell wall, snails reduce their predation time by a factor of 3 (14) . The decreased risk of losing their food or their life will be most important when enemies are abundant and competition is intense (17, 18) . Edge drilling entails risks as well, because the feeding organ (proboscis) may be amputated when the prey closes its valves on the drilling snail (19, 20) . Edge drilling should therefore be avoided when competition and the risk of theft or predation are reduced.
To test how the presence of enemies influences shell-drilling behavior, we simulated high-and low-risk competitive environments for drilling snails (21). When we grouped Chicoreus together, individuals attacked their Chione prey at the shell edge 37.5% of the time (n 0 88 attacks) (Fig. 2) . When separated, however, snails abandoned the more rapid edge-attack behavior (2.6% of attacks, n 0 116) (Fig. 2) (22) . In a final experiment, when we reintroduced the same snails to highly competitive conditions, they again attacked at the shell edge (34.8% of attacks, n 0 69) (Fig. 2) (23) . These experiments confirm that edge drilling is used only when the risks of competition are high, whereas wall drilling is used when these risks are low. We suspect that the shift in behavior is a general response to enemies, including predators, although our experiments cannot address this possibility.
Post-extinction ecological changes in seagrass community structure, linked to longterm oceanographic changes and productivity decline after the final closure of the Central American Seaway (24, 25) , included a decline in the abundance of predatory gastropods (11) . Pleistocene predators also may have been less powerful than their Pliocene counterparts (17) . Such changes should have affected the intensity of competition in the broad sense among survivors of the extinction. Fewer and possibly weaker Pleistocene predators likely meant that Chicoreus and Phyllonotus interacted less often with enemies that threatened their lives or their capacity to retain food resources than they did during the Pliocene.
To test this hypothesis, we counted all Chicoreus and Phyllonotus edge-and walldrilling traces in samples of Chione ranging from the early Pliocene to the Recent. Our analysis included 11,429 valves of Chione from Plio-Pleistocene shell beds of Florida and 5328 valves from 10 modern seagrass habitats along the west and northwest coasts of Florida. No other known predators could have produced the drill holes in Pliocene to Recent Chione valves (supporting online text).
In support of the hypothesis that competition intensity among predatory gastropods decreased after the Pliocene, we found that edge drilling accounted for 5.7% (50 out of 881) of the total number of complete drill holes we identified in mid-to late Pliocene Chione (Figs. 3 and 4) . In one Pliocene-age sample, 4 of 17 complete holes were edge-drilled. In all, edge drilling was present in 15 of the 23 (65.2%) Pliocene samples. In striking contrast, none of the Chione from the early Pleistocene, middle Pleistocene, or Recent showed (table S1 ). This absence is not due to a lack of drilling predation attempts. In one early Pleistocene sample, 37% of 217 valves examined were wall-drilled by Chicoreus and/or Phyllonotus predators. The lack of edge drilling today is also not an anthropogenic artifact. Evidence of edge drilling disappeared by the early Pleistocene, or nearly 2 million years before any human disturbance of seagrass ecosystems.
The loss of edge-drilled Chione after the Pliocene coincides with a regional extinction event in the western Atlantic (1-5, 11, 26 ), but it is not simply a function of the extinction of one or more Pliocene edge-drilling species. Edge drilling was induced quickly (within the first week of our competition experiment) in a species not known to edge-drill in the wild today, indicating that, once evolved, edgedrilling behavior is expressed only when likely to be advantageous-that is, when competition is high. Thus, we interpret our results to suggest that extinction linked to productivity decline indirectly caused surviving lineages of predatory snails to shift their attack behavior to reflect a less risky biotic environment.
The absence of edge-drilling behavior in the wild today and throughout the Pleistocene indicates that competition intensity has not returned to high pre-extinction levels despite nearly two million years for recovery. This delay may explain why the Pleistocene seems to be a time of evolutionary quiescence in terms of enemy-related adaptive innovation and specialization (17) .
Our findings emphasize that extinction affects not just taxonomic diversity but also the nature of interactions among species, and therefore the form and intensity of selection to which members of recovery communities are subjected. A full characterization of recovery from extinction must, therefore, incorporate accounts of how species affect each other on ecological and evolutionary time scales, as well as the diversities and identities of species coexisting in recovery communities. Foraminiferal oxygen isotope and pollen analyses from a deep-sea sequence off southwest Portugal show that the duration of temperate stages on land over the past 350,000 years varied considerably. The record shows forest contractions during intervals of low ice volume, coeval with declines in atmospheric methane, after which tree populations did not always recover. What emerges is that, although the broad timing of interglacials is consistent with orbital theory, their specific duration may be dictated by millennial variability. This complicates the prediction of the natural duration of interglacials, at least until the origin of this climate variability is understood.
Distinguishing long-term natural climate variability from anthropogenically forced change is an important challenge in the prediction of future climate. The study of past interglacials can provide important insights into patterns of natural climate variability during warm periods such as the present. Establishing the timing and duration of past interglacials is of interest because it might help clarify where we are in the current interglacial cycle and, by extension, when the onset of the next glacial period can be expected to occur. A first step toward an improved understanding of interglacial duration was the realization that the Eemian (Last) Interglacial of northwestern Europe was not equivalent to the entire marine isotope stage (MIS) 5 of the deep-sea stratigraphy, but rather to a substage (MIS 5e) within it (1). This meant that, on average, interglacials over the past million years did not have a duration of half an eccentricity cycle EÈ50 thousand years (ky)^, but rather half a precessional cycle (È10 ky). On this basis, our current interglacial (Holo- Fig. 4 . Proportion of edge-and wall-drilling traces by time interval. A Fisher's exact test indicates that the presence of edge-drilling behavior is dependent on time (P G 0.0001).
